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AO 

AI 

ALPHA 

ALPI 

CI 

C2 

E 

GAGE 

HFR 

H(TAW) 

ITAW 

ITW 

KG 

LM 

M, MACH 

MU 

MUTT 

P 

PHI, ROLL 

PHII 

NOMENCLATURE 

Intercept of linear curve fit [see Eq. (7)] 

Slope of linear curve fit [see Eq. (7)] 

Model angle of attack, deg 
e 

Indlcated pitch angle, deg 

Gardon gage calibration factor measured at 
5300R, Btu/ft2-sec/mv 

Temperature corrected Gardon gage calibration 
factor, Btu/ft2-sec/mv 

Gardon gage output, mv 

Gardon gage identification number 

Reference heat-transfer coefficient (see 
Appendix @V) 

Heat-transfer coefficient based on TAW, 
Q DOT/(TAW-TW), Btu/ft2-sec-aR 

Enthalpy based on TAW, Bin/ibm 

Enthalpy based on TW, Btu/ibm 

Gardon gage temperature calibration factor, 
°R/mv 

Model reference length, in. ' 

118.0 for AIM-gE full scale 
29.565 for AIM-gE I/4 scale 
9.930 for GBU-8 

Free-streamMach number 

Dynamic viscosity based on free-stream 
temperature, ibf-sec/ft 2 

Dynamic viscosity based on TT, Ibf-sec/ft 2 

Free-stream static pressure, psia 

Model angle of roll, deg 

Indicated roll angle, deg 

3 



PT 

PT2 

Q 

QDOT 

RN 

RE 

REX 

RHO 

RUN 

STFR 

ST( AW) 

ST(TAW)0 

T 

TAW 

TGE 

THETA 

TT 

TW 

Tunnel stilling chamber pressure, psia 

Total pressure downstream of a normal shock 
wave, psia 

~ree-stream dynamic pressure~ psia 

Heat-transfer rate~ Btu/ft2-sec 

Nose radiusj in. 

1.40 inches (Full Scale AIM-9E) 
0.35 inches (I/4 Scale AIM-9E) 
0.327 inches (I/15 Scale GBU-8) 

Free-stream unit Reynolds number, ft -I 

Reynolds number based on free-stream conditions 
and the distance X (X measured from model nose 
to a particular gage) 

Free-stream density, lbm/ft  3 

Data set identification number 

Stanton number based on reference conditions 
(see Appendix IV) 

Stanton number based on TAW, 
ST(TAW) = QDOT/[(RHO) (V) (ITAW - ITW)] 

Stanton number based on heat-transfer 
coefficient from the model stagnation heat 
transfer gage --. 

Free-stream static temperature, °R 

Adiabatic wall temperature, OR 

Gardon gage edge temperature, °R 

Angular measurement o8 model, deg 

Tunnel stilling chamber temperature, °R 

Wall temperature of a Gardon gage, °R 
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AT 

V 

X 

Temperature differential across the Gardon 
gage disc, °R or °F 

Free-stream velocity, ft/sec 

Axial distance from nose, in. 
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1.0 INTRODUCTION 

The work reported herein was conducted at the Arnold Engineering 
Development Center (AEDC), Air Force Systems Conuuand (AFSC), by ARO, 
Inc., AEDC Group (a Sverdrup Corporation Company), contract operator 
of AEDC, AFSC, Arnold Air Force Station, Tennessee. This work was done 
in support of the Stor~ Heating Technology Project sponsored by the 
Aircraft Compatibility Branch, Air Force Armament Te~t Laboratory 
(AFATL), Eglln AFB, Florida, under Program Element 62602F, Control 
Number 2567-00-9. The AFATL project monitor was Capt. Spence Peters. 

The test objective was to obtain heating distributions on the full 
scale AIM-9E, I/4 scale AIM-9E and the 1/15 scale GBU-8. A secondary 
objective was to record heat-transfer rate and model temperature data 
on the DCAP* flight data recorder for the purpose of evaluating the 
performance of this system. The heat-transfer data obtained on the 
AIM-9 models will be used in conjunction with flight test data to 

-develop-wlnd tunnel to flight scaling procedures. A flight test pro- 
gram is planned to obtain data on the AIM-gE/DCAP unit in FY80. The 
GBU-8 data are to be used as inputs for analytical calculations of store 
internal component temperature response. 

The tests were conducted in two phases. Both test entries were 
run in the yon KArm~n Gas Dynamics Facility (VKF), Supersonic Wind 
Tunnel (A) under ARO Project Number V41A-48. The I/4 scale AIM-gE and 
the 1/15 scale GBU-8 were tested in Phase A during the period of June 6-7, 
1979. The full scale AIM-9E/DCAP hardware was tested in Phase B 
during the time period of July 27-28, 1979. Data were recorded at 
Mach numbers 1.5, 2.0 and 2.5 at a tunnel stagnation temperature of 
180°F. Oil flow runs on the I/4 scale AIM-9E were made at a tunnel 
stagnation temperature of 100°F. Free-stream unit Reynolds numbers 
ranged from 1.0 x 106 to 5.0 x 106 per foot. Model angle of attack 
was varied from -2 to 4 deg on the AIM-9E models. Data were obtained 
with and without canards and launch rail as well as with and without 
boundary layer trips. 

The GBU-8 model was tested at angles of attack of 0 and 4 degrees 
and roll angles of 0, ±90, and 180 degrees. This model was also tested 
with and without boundary layer trips. 

Copies of the Phase A results have been transmitted to AFATL/DLJC. 
Copies of the Phase B results will be transmitted to AFATL as well as 
copies of this report. Inquiries to obtain copies of the test data 
should be directed to AFATL/DLJC, Eglin Air Force Base, Florida. 
A copy of the final data has been retained on microfilm at 
Arnold Engineering Development Center in the von K~rm~n Gas 
Dynamics Facility. 

*DCAP = Acronym for Data C_orrelation and Acquisition Project flight 
data recorder (Ref. I). 
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2.0 APPARATUS 

2.1 TEST FACILITY 

Tunnel A (Fig. 1) is a continuous, closed-circuit, variable density 
wind tunnel with an automatically driven flexlble-plate-type nozzle and 
a 40- by 40-JR. test section. The tunnel can be operated at Mach numbers 
from 1.5 to 6 at maximum stagnation pressures from 29 to 200 psia, 
respectively, and stagnation temperatures up to 750°R at Mach number 6. 
Minimum operating pressures range from about one-tenth to one-twentieth 
of the maximum at each Mach number. The tunnel is equipped with a model 
injection system that allows removal of the model from the test section 
while the tunnel remains in operation. A description of the tunnel and 
airflow calibration information may be found in Ref. 2. 

2 . 2  TEST ARTICLES 
z 

2.2.1 AIM-gE 

The hardware tested represented the forward 36 percent of the AIM-9E 
Sidewinder missile ~nd WSE Pod* (Fig. 2). In addition, the AERO-3B Launcher 
was used to provide missile launch rail influence on the measured heating 
distributions. The test hardware was composed of a full and 1/4 scale 

model (Fig. 3). .. 

Flight hardware obtained from Robbins and Hill Air Force Bases 
was used for the full scale missile. Modifications to the flight hard- 

ware consisted of: 

(a) replacing the glass eye used in IR detection with a 

s t e e l  n o s e  dome, . . . . . . . . . .  
............................... . ~  - . . . .  - - - - -  

(b) removal of the gas generator in the servo section and of the 
IR sensor in the guidance section, _ .. 

installation of heat-transfer gages in the missile skin, (c) 

(d) installation of turnbuckles in the servo section as a pro- 
vision for keeping the canards at zero deflection angle, 

and 

(e) addition of a threaded adaptor to provide transition between the 
missile forebody and tunnel support system. 

Some of these modifications are shown in Fig. 4. In addition, the AERO-3B 
Launch Rail was cut 37.8 in. aft of the leading edge and installed on 
the missile at the axial position corresponding to actual flight carriage 

(Fig. 5). 

*WSE = Weapon S_ystem Evaluator. WSE is an airborne subsystem used to 
monitor--signals from t--he aircraft's fire control system to the missile. 
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A I/4 scale model of the flight hardware (Figs. 2 and 6) was con- 
structed from stainless steel. The canards were removable but did not 
possess deflection capability. A simulated AERO-3B Launch Rail was also 
constructed and was attached to the I/4 scale model (Fig. 7). The 
launch rail material was 6061-T6 aluminum alloy. 

2 . 2 . 2  GBU-8 

A 1/15 scale model of the GBU-8 Guided Bomb Unit was tested in con- 
Junction with the I/4 scale AIM-9E model. A sketch of the GBU-8 is 
shown in Fig. 8. The model is 9.93 inches long and has fixed cruciform 
wings. The main body is constructed from 6061-T6 aluminum alloy and 
the wings from 304 stainless steel. The model and associated support 
hardware  are shown in Fig. 9. 

2.3 TEST INSTRUMENTATION 

The measuring devices, recording devices, and calibration methods 
used for all measured parameters are listed in Table I along with the 
estimated measurement uncertainties. Heat-transfer rate measurements 
were obtained with thermopile Gardon gages which were supplied and call- 
brated by the VKF. The thermopile gage utilizes vapor-deposited layers 
of antimony and bismuth to form a thermopile on the back surface of the 
sensing foil. Gage sizes of 1/4- and i/8-in, diem were used. The 
sensing foil thickness on the I/4~in. diem gages were 0.010 and 0.020 
in. while the I/8-in. diem gages had a foil thickness of 0.005 in. 
The gages were instrumented on the gage body with copper-constantan 
thermocouples which provided gage edge temperatures. These temperatures, 
together with the gage output, were used to determine the gage surface 
temperatures, which were used to compute the local heat-transfer coef- 
ficients. 

The full scale missile was instrumented with thirty-five I/4-1n.- 
diam gages-for heat-transfer distribution definition and twenty I/8-in.- 
diam gages between canards for defining the shock interaction heating. 
A sketch showing the general arrangement of the instrumentation is shown 
in Fig. i0, and dimensional locations of the gages are given in Table 2. 

. . . . . . . . . . . . . . . . . . . . . .  

The I/4 scale AIM-9E and 1/15 scale GBU-8 were both instrumented 
with I/8-1n.-diameter gages. The I/4 scale AIM-9E contained 37 gages 
and the GBU-8, 20 gages. Gage layout for the two models is depicted in 
Figures 11 and 12. Dimensional locations of the gages are given in Tables 
3 and 4 for the I/4 scale AIM-gE and the 1/15 scale GBU-8, respectively. 

Oil flow photographs were taken with Varitron Model E 70-mm cameras 
mounted on the side of the test section. Two cameras were used to pro- 
vide photographic data of the fin region of the models. An automatic 
camera control system was used to provide automatic shutter sequencing 
in 4-set intervals. 

° -  ° 
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3.0 TEST DESCRIPTION 

3.1 TEST CONDITIONS AND PROCEDURES 

3.1.1 General 

The test conditions were selected to provide data on the effects 
of Reynolds number and Mach number. The following iS a summary of the 
nominal test conditions. 

MACH PT, p s i a  TT, °R Q, p s i a  P, p s i a  RE x 1 0 - 6 / f t  

1.50 5.1 640 2.19 1.39 1.24 
10.2 1 4.38 2.78 2.48 
13.4 5.75 3.65 3.26 
14.6 6.26 3.98 3.55 

14.0 559 6.01 3.81 4.07 

1.84 4.0 640 1.55 0.66 0.87 

2.00 17.0 i 6.08 2.17 3.45 
18.1 6.47 2.31 3.67 
20.2 7.23 2.58 4 .10  

19.5 559 6.98 2.49 4.77 

2.38 8.0 640 2.24 0.57 1.35 

2.50 23.0 / 5.89 1.35 3.64 
A 32.1 t 8.22 1.88 5.08 ! 

At some test conditions, particularly at subatmospherlc stagna- 
tion pressures, the air humidity level affected the test section Mach 
number. The Tunnel A sidewall Mach number probe was used periodically 
when testing at these conditions to monitor deviations from the stand- 
ard calibrated Mach numbers. When a deviation was measured, the free- 
stream conditions were corrected and the actual Mach number printed on 
the data tabulations. Test variables and configurations for the in- 
dividual runs are presented in Table 5. 

Boundary-layer trips were used for all runs with the I/4 scale 
AIM-9E and the 1/15 scale GBU-8 models as well as on the low Reynolds 
number runs on the full scale AIM-gE. The trips consisted of carborundum 
grit applied to the model with Eastman 910 cement. Number 46 and 70 
grit were used on the I/4 scale AIM-gE and 1/15 scale GBU-8 models while 
number 150 grit was used on the full scale AIM-gE. Trip locations for 
the AIM-9E and GBU-8 are depicted in Fig. 13. Grit size for a partic- 
ular run is listed in the test log (Table 5). 
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In the VKF continuous-flow wind tunnels (A, B, C), the model is 
mounted on a sting support mechanism in an installation tank ~irectly 
underneath the tunnel test section. The tank is separated from the 
tunnel by a pair of fairing doors and a safety door. When closed, the 
fairing doors, except for a slot for the pitch sector, cover the open- 
ing to the tank and the safety door seals the tunnel from the tank area. 
After the model is prepared for a data run, the personnel access door 
to the installation tank is closed, the tank is vented to the tunnel 
flow, the safety and fairing doors are opened, the model is injected 
into the airstream, and the fairing doors are closed. After the data 
are obtained, the model is retracted into the tank and the sequence 
is reversed with the tank being vented to atmosphere to allow access to 
the model in preparation for the next run. Tunnel installation photo- 
graphs for the full scale AIM-gE, I/4 scale AIM-gE and 1/15 scale GBU-8 
are shown in Figs. 14, 15, and 16 respectively. 

3. I .2 Data Acquisition 

Data from the I/4 scale AIM-9E and lhe 1/15 scale GBU-8 were re- 
corded exclusively on the Tunnel A standard data system. In the case 
of the full scale AIM.-gE, the DCAP flight data recorder was used in 
conjunction with the standard data system to record the test data. 
The purpose of this was to verify the performance of the DCAP system. 
Gages located so as to give a representative axial heating distribu- 
tion were routed directly to the DCAP unit. These gages are denoted 
with an asterisk in Table 2. Of these, five were connected to a quick 
disconnect plug and were used on the DCAP unit only for the runs dedi- 
cated to DCAP evaluation, Runs 47 and 48 (Table 5). These gages are 
denoted by an asterisk in a circle in Table 2. A description of the 
DCAP data system is given in Ref. I. 

Procedures for acquiring the test data were as follows. The initial 
step prior to recording the test data was to cool the model uniformly 
to approximately 70°F with cooled high pressure air. This was accomp- 
lished by providing chilled air from a vortex generator (Hilsch vortex 
tube% Ref. 3) to a retractable cooling manifold. With the model attitude 
set at zero pitch the cooling manifold was positioned around the model. 
When the cooling cycle was complete the manifold was retracted and the 
model attitude was established prior to tunnel injection. The model 
was then injected into the flow and immediately translated to the full 
forward position in the tunnel. At model lift-off the tunnel flow 
parameters were recorded and the data acquisition sequence for the 
Gardon gages was initiated prior to reaching the tunnel flow. Data were 
recorded on 3 to 5 second intervals for each Gardon gage over a period 
of approximately two minutes until the output of each gage approached 
zero. The model was then retracted from the tunnel, and the cooling cycle 
was repeated to cool the model to an isothermal condition. 

3.2 DATA REDUCTION 

All free-stream parameters were computed assuming a perfect-gas 
isentropic expansion from the tunnel stilling chamber and utilizing the 
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measured pressure and temperature in the stilling chamber and the cali- 
brated Mach number in the test section. 

The thermopile Gardon gages used in the model are direct reading 
heat flux transducers whose output may be converted to heating rate by 
means of a scale factor. The thermopile Gardon gage scale factor has 
been found to he a function of temperature, and therefore must be 
corrected for gage temperature changes according to the following 
equation. 

C2 = C114 .72878  - ( 2 . 8 3 7 6 5  x 10-2) (TGE)  + ( 7 . 8 2 7 0 7  x 10-5) (TGE)  2 

- ( 9 . 4 4 8 6 9  x 10-8) (TGE)  3 + (4 .30151  x 10-11)(TGE) 4] 

(1) 

The heat flux to the thermopile gage can be calculated for any 
data point by the following equation: 

QDOT ffi (E) (C2) (2) 

The surface temperature of the gage is given by 

TW = TGE + 0.75 AT (3) 

where 

dT ffi (KG)(E) (4) 

A specialized Gardon gage data reduction procedure was used to 
compute the heat-transfer coefficient. This technique provides a method 
for extrapolating to adiabatic wall temperature. This is important in 
Tunnel A where the difference between the model wall temperature and 
the adiabatic wall temperature is small. This small temperature differ- 
ence causes the calculation of the heat-transfer coefficient to be sen- 
sitive to deviations from the actual adiabatic wall temperature. The 
special data reduction procedure is based on the concept that 

QDOT (5) 
H(TAW) = TAW - TW 

where H(TAW) is assumed to be constant. Rearranging Equation (5) gives 

QDOT = [H(TAW)] [TAW] - [H(TAW)i [TW] (6) 

w he re  [H(TAW)][TAW] i s  a c o n s t a n t .  T h e r e f o r e ,  E q u a t i o n  (6) c an  be w r i t t e n  
in the form of a straight line 

QDOT = A0 + AI ('Ft./) (7) 
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Since AO and AI are constant, a comparison of Equations (6) and (7) 
gives 

H(TAW) = -AI (8) 

Setting QDOT = 0 in Equation (7) and solving for TW leads to the follow- 
ing relationship: 

TAW = - AO (9) 
A1 

The actual steps in the data reduction procedure are to obtain a 
linear curve fit of QDOT versus TW for each gage (a typical plot is 
shown in Fig. 17)and evaluate AO and AI in Equation (7). The quality 
of the curve fit is verified by examining the plotted data on a graphics 
display terminal. When the curve fit has be@n verified, the heat-transfer 
coefficient can be calculated from Equation (8), and the adiabatic wall 
temperature can be determined from Equation (9). The value of TAW is 
checked to see if it is within the following range: 

TAW 0.8  <-~-~ _< 1.01 (10) 

If the Equation (10) is not sati-~ie.-d,-_~n-_aster.i_sk.is_.printed next~ to- 
the value of TAW in the tabulated data. 

3.3 UNCERTAINTY OF MEASUREMENTS 

In general, instrumentation calibrations and data uncertainty esti- 
mates were made using methods recognized by the National Bureau of Stand- 
ards (NBS). Measurement uncertainty is a combination of bias and precision 
errors def~ned as: 

u = ± (B+ t95s) 

where B is the bias limit, S is the sample standard deviation, and t^. 
is the 95th percentile point for the two-tailed Student's "t" distribU- 
tion (95-percent confidence interval), which for sample sizes greater 
than 30 is taken equal to 2. 

Estimates of the measured data uncertainties for this test are given 
in Table la. Data uncertainties for the Gardon gages are determined from 
laboratory calibrations, and data uncertainties in other measurements are 
determined from In-place calibrations through the data recording system 
and data reduction program. 

Propagation of the bias and precision errors of measured data through 
the calculated data was made in accordance with Ref. 4; the results 
are given in Table lb. 

12 



• 4.0 DATA PACKAGE PRESENTATION 

Heat-transfer coefficients were obtained at selected locations 
on a full and I/4 scale AIM-9E Sidewinder Missile, and on a 1/15 scale 
GBU-8 Guided Bomb Unit. Typical heat-transfer tabulations are illus- 
trated in Appendix III. The data were plotted to present the longi- 
tudinal and circumferential distribution of heat-transfer data on the 
t h r e e  mode l s .  

Representative results from the full and I/4 scale AIM-gE tests 
are presented in Fig. 18. The data were taken at free-stream condi- 
tions of Math 1.5 and RE = 5 x 106 per foot. Model angle of attack 
was zero degrees. The data are plotted in the form ST(TAW)[RE x 106] "17 
[ versus X/LM so as to take out any Reynolds number effect. 
i 

Heating distribution variation wlth Math number is presented in 
Fig. 19 for the GBU-8. The data were taken at a free-stream unit 
Reynolds number of RE = 3.6 x 106 per foot and zero degrees angle of 
attack. In addition, turbulent theory is presented (Ref. 5, MACH ffi 
2.0) indicating that the boundary layer trips were effective in pro- 
ducing a turbulent boundary layer over the model. 

O 
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APPENDIX I I I  

SAMPLE TABULATED DATA 
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. 

1; 

, °  

ANn, INC. - AEDC OlVZSrOH 
A SV~MDRUP CORPORkTION ¢flNPANY 
YON EANMAN GAS DYNAMICS rACISITY 
ARNOLD AIR FORCE STATION# TENNEGNEE 

i 

RUN MODEL NACH PT PT2 TT 
NUHBER (PSIA) (PSIA) (DEGR) 

9 AIM-DE 1051 14o5 13.4 630067 

T p O V RHO 
(D£GR) (PSIA) (PSIA) (PToSEC) (LBS/FT3) 
4 3 0 . 6 4  3 .88  6 .192  15500 20387E*02 

GAGE TAM TAM/ "f'T H(YAw) ST(TAN}. 

I 6470645 1.014 20938E-03 3 .310E-03  
2 6100256 0.955 3.743E-02 3,098K-03 
4 619 .325  0 .970  2 .340E-02  2 . 6 5 0 [ - 0 3 '  
5 623 .1 t7  0 ,976  208q2E-02 3026JE-03 
6 620.085 0.971 2.172E-02 2 . 4 5 1 / - 0 3  
7 624.630 0 ,978  20476~o02 • 2 .737E-03  
9 626.914 0.992 ~ .o47 [oo2  2.309E-03 

11 623.401 0 .976  1 ,773E-o2  2,000E-03 
12 618.250 0 .958  2 . 1 0 6 [ - 0 2  2,377£-03 
13 617,752 0,967 30003E-02 202KOF-03 
14 619.354 00970 1.0295-02 2,055F-03 
15 619.192 0.970 1,785F-02 2 ,015~-03 
17 61707?7 0,957 1,875E-02 2.116E003 
10 610,587 0.959 2 , t q l E - 0 2  2.428Eo03 
19 636,442 0.984 1 . 0 6 ~ - 0 2  2,124F-03 
21 524 .335  0.978 2 .100E-02  2.3~9E-03 
22 619.748 0,970 1,736E'02 1 ,952~ '03  
23 629.2~2 0.905 2,137E-02 20411E-03 
24 627.o10 0.962 1 ,862 [ *02  2.101E-03 
25 614.136 0,953 1,775F-02 1.948E-03 
26 625.485 0 .979  2.180~002 2 .459£-03 
27 625.963 0.980 t,Dn7F*O2 2,157E-03 
28 625 .003  0 .979  I0756E-02 1 .981K-03 
30 615 .902  0 .9h4  1.565E*O2 I0766F-03  
32 620.604 00972 20349~-02 2 .651K-03  
33 614.513 0,962 10853E0o2 20103E003 
34 622.09J 0,974 10925E-02 20173[ -03  
35 6170281 0.967 10765E-03 I0992~-03 
36 6 2 1 . 0 6 3  0 .972  10881E-02 20123E-03 

LGOP 4 TD 32 HAS USED ZN CUNVE r~T ( 99 POINTS) 

ALPHA R O L L  8T(TAH)O 

0000 180 .04  ] . 3 1 0 E - 0 3  

HI| PE 
(LB-SECIF?2) (PT - t )  

3 . 2 7 3 £ - 0 7  30515E*06 

ST(TAM) 
/ST(TAW)O 

1.000E,OO 
9 .358E-01  
80004E-01 
9 .856E-01  
7 .4n4E-01  
8.~67E001 
6 ,97~E-01 
6.04~E-0|  
7 ,192~-01  
6 .n78~-o1  
6.237E-01 
6.OR7E-01 
6 .393~-01  
7,333E-01 
6 .417E-01  
7,157E*01 
5,976E-01  
7 .283E-01  
6,346~:-01 
5,983~-01 
7,429Eo01 
6.499E-01 
5.983Eo01 
S,335F-0!  
0,O09E-01 
6 .352E-01  
6 .563~o01 
60019E-01 
6 .413E-01  

NO CANARDS 

HFR STFR 
(t~l/~oOSSlTrY) ( P ~ O 3 9 1 T r ? )  

4 .182E00~ 4.714E*03 

REX GAGE LOCATZON 
X X/LM THETA 

O.O00E*OO 0.0DO • O.O000 O.OO 
| .992E905 0.680 000230 0000 
40043E÷05 10380 0.0460 0000 
4.f142EtO5 1.380 0.0460 |80000 
6.093~*05 20080 000705 0.00 
60093~05  2.080 0.0705 180000 
00524E*05 20910 0.0986 180000 
1.145E906 3.910 0.13~5 0.00 
1.145E*06 3.910 0.1325 45.00 
1.145E~06 30910 0 .1325  90000 
1.145E*06 3 .910  001325 135.00  
1 .145E ,06  30910 0 .1325  ln0 .O0  
! .1455+06  30910 001325 270 .00  
! .145E÷06 3.910 0.J325 ] tS .O0 
1 .292£*06  4 .410  001495 0 .00  
1 .438F*06 4 .910  0.1664 0 .00  
1.430K,06 4.910 0.1654 |00000 
2.170~+06 7 .410  002511 100.00  
3 .317£*06  70910 002681 t o 0 . 0 0  
2.453Et06 8.410 0.2850 180.O0 
2 .61f l£ .06  8 .910  0 .3020  100 .00  
3 . 7 5 6 E , 0 6  90410 003109 90 .00  
207q6 /*06  90410 003189 135000 
3.756~,06 9.410 0.3189 225000 
2.qo3E,06 90910 0.3359 t80 .00  
3.049E*06 100410 003528 100000 
1 .585 [*06  50410 001833 100 .00  
I0731E+06 50910 002003 180 .00  
10078E*06 6 .410  0 .3172  100000 

DATE CONFUTED I | * J U L - ? J  
TIME COMPUTED 13134102 
DATE RECORDED 7"JUN-79 
TIME RECORDED 012|166 
PROJECT HUHBER ¥ 4 | A ' 4 |  



APPENDIX ~V 

REFERENCE HEAT-TRANSFER COEFFICIENT AND STANTON NUMBER 

In presenting heat-transfer coefficient results, it is convenient to 
use reference coefficients to normalize the data. Equilibrium stagnation 
point values derived from the work of Fay and Riddell.(Ref. 6) were used 
to normalize the data obtained in this test. These reference coefficients 
are given by: 

HFR = 

0.25 
8.17173(PT2)0"5(MUTT)0"411 - p~2 ] [0.2235 + (I.35xI05)(TT + 560)] 

(RN)0.5 (TT) 0.15 

where 

STFR = 

PT2 

MUTT 

P 

TT 

RN. 

RH0 

V 

Stagnation pressure downstream of 
a normal shock wave, psia 

Viscosity conditions based on stagnation 
temperature, ibf-sec/ft 2 

Free-stream pressure, psia 

Tunnel stilling chamber temperature, °R 

Reference nose radius, ft 

Free-stream density, lbm/ft 2 

Free-stream velocity, ft/sec 

HFR 
(IL'-IO) (V) [0.2235 + 0.0000135(TT + 560)] (32.174) 

I") 


